Materials and Methods: Sample Preparation

Labeled peptide Synthesis
After in-house protection according to well-established protocols (1, 2) , 15 N labeled amino acids (Cambridge Isotope Laboratories, Andover, MA) were incorporated in the labeled piscidin peptides as needed for the NMR studies. The peptides were synthesized by United Biochemical Research (Seattle, WA) and the University of Texas Southwestern Medical Center (Dallas, TX) using solid phase peptide synthesis and Fmoc chemistry. Solvents (e.g., acetonitrile, chloroform, HPLC grade water, methanol, and TFA) were obtained from Fisher Scientific (Pittsburgh, PA). After synthesis, the peptides were purified on a Waters HPLC system using a Terra or SunFire C18 column and a 25 minute-gradient of acetonitrile/water with 0.1% TFA (2,2,2-trifluoroacetic acid). Piscidin 1 eluted when the acetonitrile concentration reached approximately 30% (v/v). Peptide purity was confirmed by mass spectroscopy on either a Bruker Esquire Ion Trap spectrometer (University of Washington, Seattle, WA) or a JEOL 5 Sector Mass Spectrometer (Hamilton College, Clinton, NY). Only piscidin (with charge states of +2, +3, and +4) was detected in the fractions purified from the HPLC system. The double-, triple-and ten-site labeled p1-NH 2 peptides yielded signals consistent with the expected molecular masses of ~ 2573, 2574 and 2581 Da, respectively.
Bilayer Samples
Pre-formed bicelles at pH = 7.0 were added directly to the pure, 15 N labeled lyophilized peptide. The lipids were obtained in chloroform from Avanti Polar Lipids (Alabaster, AL). The ether-linked lipid analogs of DHPC and DMPC, 6-O-PC and 14-O-PC, respectively, were used for enhanced stability. DMPG was added to form negatively charged bilayers. The organic solvent was evaporated under a stream of N 2 gas and the lipids were placed under high vacuum overnight. A 100 mM aqueous stock solution of short-chain lipid (6-O-PC) was prepared, and the appropriate amount was added to the long chain lipids, either 14-O-PC, or 14-O-PC/DMPG, to obtain mixtures that contained 28% (w/v) total lipids in a 200 l volume. Two types of samples were prepared with lipid compositions, expressed as molar ratios: 14-O-PC/DMPG/6-O-PC = 2.6/0.6/1.0; and 14-O-PC/6-O-PC = 3.2/1.0. In either case the total long-chain to short-chain lipid molar ratio was 3.2. The lipid mixtures were vortexed briefly, warmed to 42 C, chilled in an ice bath, and vortexed again. This procedure was repeated four times to obtain a homogeneous bicelle solution that was viscous at high temperature and flowed at low temperature (below 10 C), which is the behavior characteristic of bicelles. The bicelles were placed on ice and the pH adjusted to 7 by addition of NaOH. For each sample, approximately 170 l of bicelle solution were added to 4 mg -7 mg of lyophilized peptide and vortexed briefly. The final lipid/protein molar ratio was approximately 40/1 to 20/1 for samples containing 4 to 7 mg of peptide, respectively. Long chain lipid concentration was in the range of 350 mM in the final sample preparations. For each type of sample, NMR spectra within these concentration ranges appeared identical with no dependence on the amount of peptide. The pH of each sample was carefully monitored and adjusted individually.
A glass Pasteur pipette was used to transfer the piscidin bicelle solution to a small, flatbottomed NMR tube with 5 mm outer diameter (New Era Enterprises, Vineland, NJ). The same volume, which fit entirely within the confines of the coil of the NMR probe, was used for each sample to ensure that susceptibility effects would not influence the observed chemical shift frequencies. The sample tube was sealed with a tight-fitting rubber cap, and then pierced with a thin syringe to remove most residual air and create some vacuum for a tight seal (3). (5) were 1 msec cross-polarization mix time and radio frequency field strengths of 46 kHz for 1 H irradiation. CP-MOIST (6) cross-polarization was used to compensate for radiofrequency power mismatches, and SPINAL-16 (7) modulation was used to extend the bandwidth of the 1 H irradiation used for heteronuclear decoupling during data acquisition. The recycle delays were typically 6 sec; between 1,000 scans to 8,000 scans were co-added with 5 msec or 10 msec acquisition times in the onedimensional experiments; 128 to 256 scans were co-added with a 5 msec acquisition time for the two-dimensional experiments. The two-dimensional SAMPI-4 spectra of 15 N labeled samples resulted from the acquisition of between 32 t 1 and 72 t 1 increments, and 512 t 2 complex points for each sample. The most favorable 1 H carrier frequency for experiments on perpendicular bicelle samples was determined empirically at the water resonance frequency, as expected for an in-plane orientation of the amphipathic helix. The scaling factor for SAMPI-4 spectra was 0.61 (5) . The NMR data were processed and displayed using the programs NMRPipe/NMRDraw (8) and Sparky (9) .
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